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Abstract. We investigated influence of cosmological
GRB on the surrounding interstellar medium. It was
shown that γ-radiation from the burst heats interstellar
gas to the temperatures > 104K up to the distance ∼ 10
pc. For high density ISM optical and UV radiation of the
heated gas can be observed on the Eath several years as
a GRB‘s counterpart.
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1. Introduction
In the cosmological model for Gamma-Ray Bursts energy
production in γ-region must be enormous large 1051−1053
ergs, during several seconds. Such huge energy flux inter-
acts with the matter in the parent galaxy leading to its
heating and formation of counterparts in another spectral
region. We investigate results of this interaction without
specifying the mechanism of GRB formation.
The problem is solved of the respond of interstellar
medium with normal chemical composition on propaga-
tion through it of a short powerful gamma-ray pulse.
Spherical symmetry was accepted; different densities of
interstellar gas and burst energies were considered.
2. Basic equations
The basic equations, describing this problem are :
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Where
p = (ni + nn + ne)kT, ǫ =
3
2
kT
µmu
, (4)
nn, ni, ne are concentrations of neutral atoms, ions and
electrons correspondently.
For the γ-ray signal interacting with matter due to
Thomson scattering of photons on electrons with cross-
section σT we have:
Fγ =
1
c
L
4πr2
µeσT
mu
, (5)
For γ-rays with hν ≫ B(a,i)e (Be is the binding energy of
electrons in atoms or ions) the cross-section is almost the
same for free and bound electrons. Heating of the gas by
the light signal with the spectrum dLdE =
L
Emax
e−E/Emax is
given by (Bisnovatyi-Kogan & Blinnikov 1980):
Hγ =
L
4πr2
µeσT
mu
Emax − 4kT
mec2
, (6)
where L is the energy flux of the signal; E is the energy of
photons. This formula is valid for E ≪ mec
2. For photons
with energies < 10 keV the main process of interaction
with the gas is photoabsorption by ions of heavy elements.
To take in to account gas heating by soft X-rays photons
we enhance term (6) using Emax ∼ 2 MeV. Because of
lack of information about soft X-ray spectra of GRBs and
variations in interstellar media density such assumption
seems to be quite good. On the other hand, completely
ignoring gas heating by X-rays we get a counterpart by less
then 2m fainter. Cooling of optically thin plasma by free-
free and free-bound transitions is given by approximating
function (Cowie et al. 1981):
Cγ =
Λ(T )n2
̺
, n = nn + ni (7)
Λ(T ) =


0, when T < 104K;
1.0 · 10−24 · T 0.55, when 104K< T < 105K;
6.2 · 10−19 · T−0.6, when 105K< T < 4 · 107K;
2.5 · 10−27 · T 0.5, when T > 4 · 107K.
Electron density (ne) is given by the Elvert formula.
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Fig. 1. The magnitudes of the counterparts (upper limit - solid line, lower limit - dashed line) as a function of time after
burst for GRB with total flux near the Earth FGRB = 10
−4 erg cm−2 : 1a - for the case E = 1052 erg, n0 = 10
5 cm−3;
1b - for the case E = 1051 erg, n0 = 10
5 cm−3; 2a - for the case E = 1052 erg, n0 = 10
4 cm−3; 2b - for the case
E = 1051 erg, n0 = 10
4 cm−3.
This system was solved numericaly using a full con-
servative difference scheme with flux corrected transport,
because there is a strong density gradient in the solution
(shock wave).
3. Main results
For GRB with the energy 1052 erg we considered fol-
lowing densities of the surrounding interstellar medium:
105cm−3, 300cm−3, 0.25cm−3, 1.6 · 10−3cm−3. Main re-
sults of calculations in optically thin approximation are
presented in our publications Timokhin & Bisnovatyi-Ko-
gan (1995, 1996). According these calculations a counter-
part of cosmological GRB due to the influence of GRB on
the surrounding medium could be observed if density of
the medium is greater then 300cm−3. For such dense in-
terstellar clouds optically thin approximation is not valid
because of large optical depth in main emission lines.
Then we considered a simplified picture of conversion
of UV photons into optical ones in opticaly thick regions
allowed us to get optical and UV light curves of counter-
parts (see details in Bisnovatyi-Kogan & Timokhin 1997).
We considered GRBs with energies 1052,1051 ergs and fol-
lowing initial conditions in a gaseous cloud of radius R:
1 n0 = 10
5cm−3, T0 = 20K, R = 1.5pc
2 n0 = 10
4cm−3, T0 = 20K, R = 5pc
The results of calculations are presented in Fig. 1. Dashed
lines give the lower boundary for luminosity, and solid lines
- the upper one. For GRB with total energy output 1051
and 1052 ergs maximal luminosities of counterparts differ
by one order of magnitude too. It means that relative max-
imum brightness of the counterparts depends weakly on
the total energy output. The total duration of the coun-
terpart radiation decreases 2 times when the total output
decreases 10 times. A more detailed description of the re-
sults is given in Bisnovatyi-Kogan & Timokhin (1997).
4. Conclusions
It is shown, that counterparts of cosmological GRB due to
interaction of gamma-radiation with dense interstellar me-
dia are ”longliving” objects, existing for years after GRB.
To distinguish GRB counterpart from a superova event,
having similar energy output, it is necessary to take into
account its unusual light curve and spectrum. In optical
region of the spectrum the strongest emission lines are Hα
and Hβ .
The volume occupied by dense interstellar medium in
the parent galaxy is relatively small, so the probability to
get bright counterpart of such kind is also small. Never-
theless, discovery of even one optical counterpart of GRB
with properties described above could be a decisive argu-
ment in favor of the cosmological nature of GRB.
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